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AllSTRACT 
This presentation discusses a new program designed to investigate the effectiveness with which 
adaptive learning network (ALNJ analysis can be combined with linear array, phase steered, ultrasonic 
imaging techniques to provide an enhanced means for automatic data interpretations. The DARPt-sponsored 
program is being performed as a team effort between Adaptronics, Inc. and Battelle-Northwest. Battelle, 
under a subcontract from Adaptronics, is adapting the linear array imaging system being developed for 
the Electric Power Research Institute of Palo Alto, California, for use on this project. A special 
ultrasonic array will be dev eloped to operate with the high-speed imaging system to acquire and record 
both specular and nonspecular signal information in both the time and frequency domains. Signal infor-
mation from a multitude of simple and complex reflectors and defects wil I be recorded on the PDP 11 disk 
pack incorporated into the ultrasonic imaging system. 
Adaptronics will utilize the time·domain and frequency spectral data recorded from several thousand 
data points to develop algorithms and train networks which may describe uniquely the pattern of the 
reflections. The objective of the program is to provide a high-speed and automatic means for detecting, 
locating, sizing and displaying flaws in solid materials. 
INTRODUCTION 
It is generally recognized that the ultrasonic 
energy pattern or signature reflected from.a given 
target contains substantially greater information 
than is being utilized by present ultrasonic non-
destructive testing techniques. When an ultrasonic 
sound beam illuminates a given target, the pattern 
generated by the target contains reflected, dif-
fracted and redirected energies which include time, 
amplitude and frequency spectral information that 
uniquely describes the reflector. Linear arrays 
afford the opportunity of capturing the pattern 
reflected from a flaw or target. The concept is 
shown in Fig. 1. 
Fig. 1. Concept for acquiring ultrasonic data 
using phase-steered array 
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The figure describes an illuminating sound 
beam striking a target. In this instance, the 
target is not normal to the illuminating sound 
beam and little energy is reflected back to the 
elements which generated the sound beam. In a 
normal pulse-echo inspection, the target would not 
be seen as most of the energy reflected from the 
target falls outside the field of view. However, 
when an array is used, the length of the array 
extends the field of view to include capture of 
the reflected energy, the diffracted energy and 
any mode-converted redirected energy from the flaw. 
Reconstituting these energies into a pattern recog-
nition "signature" which uniquely describes the 
defect as the source of the energy pattern requires 
computer interpretation of the acoustic "signature". 
Battelle's effort on this research program is 
to develop the experimental procedure and acquire 
the ultrasonic "signatures". Adaptronics, using 
adaptive learning network analysis, is responsible 
for the characterization of the "signatures" for 
automatic interpretation and identification of the 
type, shape and nature of defect identified by the 
data. · 
The principal objective of the experimental 
effort is to develop new technology, demonstrating 
that ultrasoftiC arrays can provide the aaditional 
information available from the pattern of energy 
reflected from the flaw required to achieve auto-
matic ALN interpretation. 
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LINEAR, PHASE-STEERED PROGRAM 
The Electric Power Kesearch Institute, under 
Contract RP 606-1, has funded Hattelle-Northwest 
to develop an ultrasonic imaging system for the 
rapid and accurate characterization of flaws in 
heavy section steel structures. This ultrasonic 
system utilized two linear arrays: (1) a 120-
element phase-steerable array for pulse-echo opera-
tion, and (2) a single illuminating transducer 
coupled to a 120-element linear array receiver for 
acquisition of the phase information. The computer-
based ultrasonic system represents an advanced 
means for displaying subsurface defects in solid 
materials and can operate in either the pulse-echo 
or holographic modes. In its final form, the sys-
tem will have the capability of providing B-scan, 
C-scan or isometric (combined B-C-scanJ displays 
from the pulse-echo information and will be capable 
of high-speed computer reconstruction of the phase 
or holographic data. When complete, the system will 
provide an advanced means for visualization and 
interpretation of the size, shape and position of 
subsurface defects. 
The major advantage of array technology, as 
used in the EPRI ultrasonic imaging system, is 
speed. The time required to perform an inspection 
in either the pulse-echo or the holographic mode 
is much less than that required to perform a simi-
lar inspection with conventional single transducer 
technology. 
In the pulse-echo mode, the phase-steered 
ultrasonic sound field is nearly identical to 
the sound field that can be achieved with a mono-
lithic single-element transducer. The electronic 
steering provides for high-speed zero and angle-
beam inspections. Data from these inspections 
can be superpositioned on the display to provide 
a full perspective of the volume. 
In the holographic mode of operation, the 
array network provides the means for high-speed 
acquisition of phase information from a large 
aperture (e.g., 6-inch x 6-inch- l50mm x 150mm). 
Operational detai Is and performance results are 
given in other reports (1,2,3). The significance 
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COMPUTER BUSS 
of th1s work is that the ultrasonic imaging system 
being developed is capable of providing "images" 
for enhancing the interpretation of the amplitude 
or phase information reflected from a given flaw. 
lhe theories involved in either the pulse-echo or 
holographic systems are within the state of known 
art. 
The Electric Power Research Institute has 
agreed to make available the ultrasonic imaging 
system being developed on RP 606-1 for use on this 
program. lhe computer, display and mechanical 
scanning bridge components of the system wi 11 be 
utilized as the core for its technical effort. 
The imaging system, in its present configuration, 
is not directly adaptable to the investigations. 
Data acquisition rates for automatic interpretation 
research programs are much slower than those re-
quired for imaging. As an example, the illumina-
ting sound field will remain in one position for 
the period of time required to switch through the 
various receiver locations and·data from each appro-
priate position will be recorded. The imaging sys-
tem samples each point once. To achieve the desired 
protocol, a separate electron1c network wil I be 
fabricated. A block d1agram of the functional 
requirements 1s shown in Fig. 2. 
Eight elements of the 120-element array will 
be used to generate a sound field. The receiver 
switch1ng netowrk wi 11 sample through b4 separate 
locations; amplitude, time, phase and RF waveform 
data wil 1 be recorded from specific locations. The 
RF waveforms will be recorded on a Hiomation 8100 
transient analyzer which interfaces with the EPRI 
computer system. This system is compatible with 
the Adaptronics computer networks. 
The arrays used in the present EPRI imaging 
system are not directly adaptable. The ~PRI pulse-
echo array is a 120-element linear array wh1ch is 
3.6 inches (9lmm) long by l-inch (25mm) wide and 
is designed to operate in a narrow-band mode at a 
center frequency of 2.~ MHz. The DARPA program 
requires a broad-band array that is somewhat longer 
and somewhat narrower. Consequently, a new array 
wi 11 be designed and fabricated that has the per-
formance features desired to obtain both amplitude 
POP-11134 
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Fig. 2. Block diagram of electronic network 
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and spectral information. 
TEST BLOCKS 
For the initial demonstration of the concept, 
test blocks have been chosen which contain a series 
of machined defects, including flat-bottom holes, 
round-bottom holes and EDM notches. A total of 
96 defects will be used in the initial part of 
the experiment. Table 1 shows the distribution 
of the machined defects. Detects will be placed 
in 2-inch (50mm) steel plates. The defect size 
range was chosen to cover both sub-wavelength and 
multiple wavelength reflectors. While machined 
defects are signiflcantly easier to characterize 
than natural flaws, their characterization through 
ALN interpretation is an essential learning step. 
Table 1. Mach1ned defects in steel blocks 
Flat Bottom Holes Round Bottom Holes 
00 30° 
l/64 1/64 l/64 l/64 
+ t + J64 1L64 l/64 1/64 
16 16 16 16 
EDM Notches 
00 30° 00 30° 
II 5-1 II "3-1 11 "5-1" 
0.010 0.010 0.001 0.01 
0.020 0.020 0.02 0.02 
0.030 0.030 0.03 0.03 
0.040 0.040 0.04 0.04 
0.050 0.050 0.05 0.05 
0.060 0.060 0.06 0.06 
0.070 0.070 0.07 0.07 
0.080 0:080 0.08 0.08 
8 8 8 8 
Total Number: 96 
The shape of the machined defects (FBH, RBH, 
EDM) was chosen to represent laminations, spher1ca1 
vo1ds and crack-like defects. Theoretical work 
being performed under other OARPA/ArML programs 
may be d1rectly correlatable to the experimental 
results achieved on this program. During the 
course of the program, other, more typical, "natural" 
defects will also be evaluated. lhe signature 
patterns reflected fro~ the machined defects will 
establish the basis for future work. 
DATA ACQUISITION AND IMAGE DISPLAY 
Figure 1 shows the basic concept in which the 
flaw 1s illuminated by the transmitted beam and 
the reflected pattern is received at various loca-
tions along the length of the array. The engineer-
ing experiment is designed to acquire the data, 
identify its parameters and present these data so 
that the significant parameters can be selected 
for further analysis. Between 10 and 25 data points 
will be recorded.for each of the 96 flaws in the 
test blocks. Figure 3 shows an RF waveform typ1ca1 
of the pattern recorded on the Biomation 8100 
transient recorder. A printout of the 2048 sampling 
25 
points from the Hiomation, as well as a hard-copy 
RF waveform of the signals at each of the selected 
positions, wil I be recorded. 
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Fig. 3. Typical RF waveform digitized by Biomation 
transient recorder 
To demonstrate the display capability of 
current technology, photographs and recordings of 
images of flaws within the test blocks wil I be 
taken. ~ommercially available pulse-echo ~-scan 
techniques will be used as one of the display 
presentations. In addition, the ultrasonic array 
imaging system developed for tPRl to provide B-
scan, C-scan and isometric (combined B-C-scan) 
images and to generate phase or holographic images 
of the various flaws wil I be employed. 
AUTOMATIC ARRAY OPERATION 
One of the most important features of the 
system descr1bed here is that it will demonstrate 
the feasibility of fully automatic collection and 
interpretation of the ultrasonic data. Ultimately, 
an ALN 4000 microcomputer, developed by Adaptronics, 
Inc., wi-1, on initiation by an operator, scan 
the object under inspection with the ultrasonic 
array described above. uetection, classification 
and sizing wil I be carried out without operator 
intervention in the final configuration. 
Array positioning and transmitting dnd re-
ceivlng tog1c Wlll De under the microcomputer's 
co.Atrol, and will initially follow an optimum 
sequency for defect detection. Analysis of the 
returned signals in this mode will be made by the 
ALN 4000 and will result in a detection log, giving 
the locations of suspicious regions in the test 
specimen. 
Once these regions of interes~ have been 
identifieu, tne m1crocomputer will posit1on the 
transducer array over each ot them in turn. ror 
eacn detect, a ser1es of measurements w1ll oe 
made, again under computer control, which w1ll 
result 1n a oec1sion regarding tne type ·of defect 
under examinat1n and its orient;i.tion. Arter th1s 
c1asslf1Cation step is completea, tne system w11l 
proceea to aefect siz1ng. 
The sequence or operations i nvo 1 vea in si Zl ng 
defects wi1l depend on the results or the class1-
f1cat1on step described aoove. Tne processor w1ll 
pos1tion tne array in the correct or1entat1on \Or 
orientat~onsJ a~o generate tne requ1rea ultrason1c 
beams. Analysis of the returns at selected elements 
wi1l y1eld an est1mate or the defect size. 
The EPRI 1maging system will be compatible w1th 
the ALN q00u, so a VISUal image of the defect w1ll 
oe avai 1ab1e at the same t1me. Figure 4 snows the 
shared system of control. Instruct1ons for gaLher-
lng Lhe Information required oy tne imag1ng system, 
as well as that ror the classirication and s1zing 
procedure, (;an be stored in the AL1~ 4000. Conse-
quently, the 1mage formation can be automated as 
we1l, and a simultaneous comparison of these methods 
of Ultrasonic Inspection made. 
IMAGING 
SYSTEM 
I MAGI 
l l 
ALN 4000 
MICRO-COMPUTER 
AUTO. 
ANALYSIS 
OF IMAGE 
• FLAW DETECT ION 
• FLAW CHARACTERIZATION 
· • FLAW SIZING 
F1g. q, Shared system ot control between the EPRI 
Imaging system and the ALN 4000 micro-
computer interpretative system. 
ALN CLASSIFICATION AND SIZING 
An adapt1ve 1earning network wil 1 be aeveloped 
to process the ultrasonic data in a mode parallel 
to that wnicn proviaes the 1mages of tne prev1ous 
section. ~igure ~ shows the streams of aata flow. 
1wo sequential processes must be performea by the 
processing system: ·classification ana sizing. 
Tney are sequential oecause the particular measure-
ments and tneir inLerpretatlon tor siz1ng aepend, to 
some extent, on tne nature or the target under 
examination. 
I 
I 
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F1g. 5. Information flow for systems shown 1n 
Fig. 4. 
Classification: It is anticipated tnat classirica-
tlon of tne defects 1nto planar or spherical voias 
or cracKs can take place using time-aomain para-
meters only. Advantage wi 11 be taKen of tne fact 
that the angular distribution or the retlectea 
ana dirfracted power is aeterm1nea by the shape 
ar1d orientation, as well as the size or the detect. 
Tnus, ratios of totai power scatterea in var1ous 
directions, ror a few directions or the incident 
energy, shoula be suftic1ent to aistinguish between 
some of Lhe types and orientations or detects to 
be encountered during tnis stuay. lhese ratios 
can be formea from powers measurea from tne t1me 
waveform, simplirying tne data processing require-
ments. 
~urther intormat1on as to detect type w1ll 
(;Ome from tne location of the returned signal in 
the time-aomain waveform. 1 his inrorrnat10n, com-
blnea with tne velocity ana path length or ultra-
sound in the test block, wi 11 g1ve the aefect's 
spat1al location, assisting in discr1minat1ng 
oetween cracks growing from the oacK surface and 
voids within the metal. 
Since, in general, mode conversion occurs 
when ultrasonic energy 1n solias striKes a detect, 
more than one type or returned wave may be aetected 
by the receive array. Again, power ratios among 
these arrivals are expected to give information 
useful for class1ficat1on. 
Sizing: Once Lhe nature and orientation ot the 
detect have been aeterm1nea, tne appropriate RF 
waveforms wil 1 be acquired to proceed w1th sizing. 
Some or these wavetorms may already nave been 
taken during the class1ficat1on process; it so, 
they w1ll not ue remeasured. Now, Fourier spectra 
of the aata wi 11 be taKen and additional parameters 
extracted. It 1S expedea that tne ratios or 
moae-converted energy aeterm1nea in the classiri-
catlon step may also be used in the sizing step. 
1hese spectral ana time-aomain parameters wi 1l be 
input to an AL1~ trained to estimate the size of 
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the particular detect type and orientation unaer 
Inspection. Tnen the outputs of the classitication 
ALN and tne SIZing ALN w1ll oe presented Simul-
taneously to give tne best ava1laole estimate or 
the derecL type, orientation, and aimens1on. 
1. 
L. 
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DISCUSSION 
Don Forney, Chairman (AFML): Thank you, Tony. The bell went off while the applause was going on, so the 
timing was perfect. We're running behind time, and as a result, I would like to press on without 
questions at this time. I know that the talks deserve an opportunity for questions and answers, 
but we're just running out of time and perhaps you can attack either Tony or Jerry during the poster 
session this afternoon and get some more details. Thank you. 
Robert Green (Johns Hopkins): Don, could they just comment on when they'll get some results on this? 
Don Forney, Chairman: Bob asked the question, "When do you expect some results from this that they can 
look at?" 
Anthony N. Mucciardi (Adaptronics, Inc.): Preliminarily, within six months, and more specifically, 
by about this time next year. 
Don Forney, Chairman: So you do have time to wait until this afternoon. 
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